Introduction
Electrical stimulation is used in different applications including active implants. The efficiency and selectivity of the stimulations depends on the electric field at the target structure e.g. nerves. For the estimation of the electrical field around the stimulation electrode finite element method (FEM) was used. Nevertheless the quality of the simulation depends on the available model of the tissue and the electrode. For evaluation of the field simulation we have designed a measurement setup to measure 3 dimensional field distribution [1] . This paper focus on the comparison of electric field distribution between FEMsimulation results and measurements on simple electrode setups.
Methods
The configuration of the stimulation electrodes was a simple cubic chamber. Microscope glass slides were used as bottom as well as two of the walls of the chamber. Stainless steel was used for the two front walls as stimulation electrodes. The top of the chamber was open to allow the measurement with a field probe. The length and the width of the chamber was 76 mm and 26 mm respectively. The chamber was filled up to a height of 21 mm with 0.9 % sodium chloride solution at 23 °C. The electrical current source with an amplitude of 100 µA and a frequency of 1 kHz was connected to the stainless steel walls.
Measurement:
For the measurement a field probe was moved by a 3D positioning system (Physik Instrumente, M-404.4PD) in length, width and height of 16.55 mm, 20.7 mm and 9 mm with step size of 3.31 mm, 2.3 mm and 2.25 mm respectively. As measurement probe the recording area of an EMG needle electrode (Schuler, 320050) was used. The needle was used in standard configuration (orthogonal to electrical field). For the measurement with differential amplifier the cannula of two additional needle electrodes (Schuler, 320050) were placed in the solution near to one of the front walls as ground and reference electrode. The output signal of the custom made differential amplifier with a selected amplification of 100 was recorded by an analog to digital converter card (National Instruments, NI PCI 6259). The complete setup was controlled by software programmed under Labview (National Instruments, Labview 2011). As post processing the numerical gradient of the electrical potential was calculated as electrical field strength (Matlab R2012b). The influence on the electrical potential is mainly for the probe that is placed parallel to the main field direction in comparison to the probe. The probe that is placed orthogonal to the main field show no significant influence on the electrical field. No significant influence on the evaluated electrical field could be observed for both probe configurations.
Discussion
The needle in parallel to the main electrical field influences the electrical potential by the short circuiting of to a higher potential region. As the needle tip (recording point) was at the lower potential side, the potential at that point was influenced by the complete surface of the cannula. As the electrical field is a relative measurement the influence on the electrical potential not influence the electrical field. The movement of the needle crease regular steps in the value of the electrical potential. In this configuration the electrical potential is mainly defined by the current density and the conductivity of the solution. Therefore no influence on the simulated electrical field can be observed with different needle configurations. For other configurations with inhomogeneous field distribution this could be critical. Even the model does not consider the phase boundary, the influence of the needle needs to be evaluated in more detail. Therefor measurement probes with insulated cannula is recommended for future measurements.
The results of the field measurement had a range of 5% around the expected value by the calculation. This is related to noise in the non-shielded measurement setup. For future versions of the measurement setup this needs to be improved. Nevertheless the results show that the measurements and simulation have the same outcome.
